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Figure S1: Schematic representation of the high-pressure variable volume view cell (HPVVVC) used for measuring the ternary Gibbs diagrams: (P) stainless steel piston, (H/C) heating/cooling air chamber, (P1) recirculation pump, (P2) CO 2 pump, (P3) solvent/solution pump, (PRV) pressure reducing vale, (PI) pressure indicator, (TT) temperature transducer, (PT) pressure transducer, (RD) rupture disc. 1 The location of the binodal curve within the ternary Gibbs diagrams was measured applying the cloud-point-method. In this case the composition of a homogeneous single-phase mixture is varied by the isobaric (10 MPa) and isothermal (298 K, 308 K, 328 K) addition of a certain amount of one of the involved compounds until the mixture becomes and remains turbid (cloud point). The cloud point indicates the emergence of a second phase and thus is assigned to one point of the binodal curve. This procedure has to be repeated several times driving various single-phase mixtures of different initial composition into the two-phase region. The line combining the compositions at which the cloud points were determined defines the binodal curve. 
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Experimental determination of the isothermal compressibility
The isothermal compressibility ( of the ternary mixture water/acetone/CO 2 was measured with the variable volume view cell shown in Figure S1 . At a constant and known composition the ternary mixture inside the view cell can be compressed isothermally by moving the piston into to the cell. We analyzed the pressure as a function of the mass specific volume v of the ternary mixture. For a mixture with a composition 
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Experimental determination of the development of hydrogen bonds Figure S3 shows a sketch of the experimental setup used for the determination of the development of hydrogen bonds in the ternary mixtures. In order to isolate the symmetric stretch vibration Raman signal of water, from which the development of hydrogen bonds was derived, the mixture Raman spectrum had to be deconstructed into the Raman signal contributions of water, acetone and CO 2 using a Levenberg-Marquardt least squares optimization, as it is described in detail elsewhere. 2 The fitted contributions of water, acetone and CO 2 are also shown in Figure S4 . Due to the development of hydrogen bonds between water molecules and between water and acetone molecules the water stretch vibration Raman signal is a broad band compared to the narrow peaks of the Raman signals of the other compounds. The symmetric stretch vibration Raman signal of water was resembled of 6 Gaussian shaped peaks. [3] [4] [5] In order to get acceptable fit results for all mixture compositions, for each peak a range was defined for the peak center wavenumber and for its full width at half maximum (FWHM) as listed in Table   S2 . The freedom with respect to the peak center wavenumber and the peak broadness considers the circumstance that during the dilution experiments the probability of possibly S8 occurring intermolecular interactions (waterwater, wateracetone, waterCO 2 ) changes. Thus, during the fit to the experimental mixture spectrum each peak had the freedom to move within the defined ranges for the peak center wavenumber and the peak FWHM. Only the height (peak intensity) of the Gaussian peak was not predefined and thus fitted completely. For the computation of this ratio the intensities of the six peaks we used before, for the isolation of the symmetric water stretch vibration, were required. At least for pure water there is a consensus in literature that the different peaks (peak 1 to peak 5) representing the hydrogen bonded water molecules can be further differentiated into contributions assignable
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to strongly (shb) and weakly hydrogen bonded (whb) water molecules. Shb water molecules are represented by peaks 1 to 3 and can be assigned to those water molecules forming hydrogen bonds to three or more other water molecules. Whb water molecules are represented by peaks 4 and 5 and can be assigned to those water molecules forming hydrogen bonds to one or two other water molecules. Peak 6 represents the water stretch vibration of "free" water molecules, which do not interact via hydrogen bonds with any other molecule.
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The approach applied in our previous work is not applicable for this study, as it covers a wide range of mixture compositions. For the wide range of compositions studied, we were not able to find a "composition-isosbestic-point", which makes a clear differentiation averaging to obtain a one dimensional scattering spectrum were performed using the standard reduction software LAMP available at the ILL, which also accounts for the dead time of the detector. All measurements were background corrected, subtracting a dark S14 current measurement and the measurement of the empty hp-cell. The hp-SANS data for the ternary mixtures plotted in Figures 6 and 7 were modelled in terms of the Ornstein-Zernicke model that is commonly used to describe density fluctuations leading to large scale aggregates, e.g. when approaching critical demixing or phase separation.
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The formalism used for the model is:
Where I(0) is the coherent forward scattering amplitude, ξ is the correlation length (providing an estimate for the characteristic size of structural heterogeneities) and bkg corresponds to an incoherent, featureless and flat background.
Additional information on MD Simulations
We performed molecular dynamics (MD) simulations of binary water/acetone and ternary water/acetone/CO 2 mixtures. We first started with a MD simulation of a binary mixture with 1000 water molecules and 1000 acetone molecules (so ). After this simulation, we performed two different sets of simulations using this initial simulation as starting point. In the first set of simulations, we added more acetone molecules to the initial simulation, obtaining binary mixtures with decreasing molar fractions of water. In Electrostatic interactions were computed using the particle mesh Ewald summation method (PME) with the standard settings in NAMD (1 Å spatial resolution and were updated each 2 time steps). Lennard-Jones interactions were truncated at 1.2 nm employing a switching function starting at 1.0 nm.
We performed an initial energy minimization followed by a 4 ns NPT simulation until the simulation box reached a stable, equilibrium size. Then, we performed a 16 ns production run. The snapshots of the simulations and the calculations of the radial distribution functions g(r) were obtained from the MD trajectories by using the Visual Molecular Dynamics (VMD) software. 12 All other analysis from the MD trajectory were made using our own programs.
All the snapshots shown in the main paper, as well as the density profiles and 
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In Figure S7 , we show the density profiles calculated across the system averaged over the production run of the MD simulations described in the main text. These profiles correspond to an arbitrary, particular axis of the simulation box (the z axis). Profiles calculated over x or y axes (not shown here) give identical results.
In Figure S8 , we show radial pair correlation functions for water (water-water, wateracetone and water-CO 2 ) and CO 2 (CO 2 -CO 2 , acetone-CO 2 and again water-CO 2 ) averaged over the production run of the MD simulations described in the main text. Note that acetone is able to make hydrogen bonds with water through the carbonyl group, as demonstrated by the sharp peak at 1.7 Å in the acetone-water correlation function ( Figure S8 , top panel).
Acetone is also able to interact favorably with CO 2 through the apolar methyl groups, as denoted also by a clear peak in the acetone-CO 2 correlation function ( Figure S8 , bottom panel). As discussed in the main text, water molecules are found in hydrogen-bonded structures, evidenced by the sharp peak at 1.8 Å in Figure S8 . Also, water tends to be anticorrelated with CO 2 ; the correlation function reaches the value 1 (no correlation) only after distances of about 1 nm. On the other hand, the broad peaks in the CO 2 radial correlation functions shown in Figure S8 (bottom panel) indicate that CO 2 molecules tend to be coordinated both with other CO 2 molecules and acetone molecules. The peak in the C-C distance between CO 2 molecules is about 4 Å, and the peak in the acetone-CO 2 separation is at 4.4 Å. ibuprofen precipitation upon pressure change.
